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SUMMARY 


Flight  tests  were  conducted  to  evaluate  the  performance  and 
feasibility  of  a  fluidic  yaw  damper  system  that  was  fabricated 
by  Honeywell,  Inc.  A  standard  UH-1G  helicopter  was  used  as  a 
test  vehicle . 

Tests  encompassed  8.5  flight  hours  and  2.9  hours  of  ground 
and  hangar  tests.  Operation  of  the  system  was  normal  at  all 
times,  and  a  significant  increase  in  yaw  damping  was  measured. 
None  of  the  tests  revealed  any  factors  that  might  limit  the 
application  of  fluidic  systems  in  a  helicopter  environment. 

The  performance  and  reliability  of  the  "feasibility"  package 
were  much  better  than  expected  and  helped  to  create  a  favor¬ 
able  impression  of  the  concept.  Pilot  acceptance  of  the 
system  was  good,  considering  that  only  simple  rate  damping 
was  provided  without  the  benefit  of  pilot  loops,  quickening, 
and  other  sophisticated  features  of  current  electronic 
Stability  and  Control  Augmentation  Systems  (SCAS).  If  fluidic 
stabilization  systems  were  to  be  incorporated  into  a  produc¬ 
tion  helicopter,  these  additional  features  would  have  to  be 
present  to  obtain  pilot  ratings  equivalent  to  those  generated 
by  electronic  SCAS. 
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introduct: on 


Under  the  terms  of  Contract  DAAJ02-67-C-0057 ,  the  Bell 
Helicopter  Company  conducted  flight  tests  to  evaluate  the 
feasibility  of  a  fluidic  yaw  damper  system.  The  fluidic 
yaw  damper  system  was  designed  and  constructed  by  Honeywell, 
Inc.,  under  the  terms  of  Contract  DAAJ02-67-C-0056 .  The  tests 
were  conducted  on  a  UH-lC. 

The  objectives  of  the  evaluation  of  the  feasibility  hardware 
damper  package  were  : 

1.  To  determine  the  magnitude  of  the  installation 
and  conversion  procedure. 

2.  To  obtain  quantitative  measures  of  the  system's 
performance . 

3.  To  obtain  qualitative  evaluations  of  the  system 
by  at  least  three  pilots. 

4.  To  recommend  any  necessary  changes  to  the  system 
to  enhance  its  serviceability  and  performance. 

The  objectives  of  the  evaluation  were  met  during  15  flights 
which  totaled  8.5  flight  hours.  The  tests  were  conducted 
during  the  months  of  January  and  February  1968  at  the  Bell 
Helicopter  Company,  Flight  Research  Center,  Fort  Worth, 

Texas . 
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DISCUSSION 

DESCRIPTION  OF  THE  TEST  HARDWARE 


The  test  helicopter  was  a  standard  UH-IC,  64-14102,  and  was 
modif ied  .only  in  those  areas  required  to  accept  the  fluidic 
damper  installation  and  the  instrumentation.  A  detailed 
description  of  the  test  helicopter  will  not  be  presented 
here.  Precise  definition  of  the  configuration  is  provided 
by  Reference  3. 

The  fluidic  yaw  damper  system  that  was  tested  provided  a 
pressure  signal  output  proportional  to  y\w  rate.  The  required 
system  performance  was  defined  by  USAAVLABS  Technical  Report 
66-87,  "Fluid  State  Hydraulic  Damper,"  dated  February  1967. 
Gain  and  response  requirements  for  the  damper  system  were 
taken  from  this  report  and  are  summarized  in  Figure  1. 

The  fluidic  portion  of  the  yaw  damper  is  shown  in  Figure  2. 
This  damper  consists  of  a  vortex  rate  sensor,  two  fluid 
amplifier  stages,  two  capacitors  (bellows),  and  an  electrical 
trim  valve.  Transducers  for  measuring  the  performance  of  the 
various  fluidic  components  are  also  integrated  into  this 
package . 

The  system,  as  packaged  for  installation  in  the  test  heli¬ 
copter,  is  shown  in  Figure  3.  The  package  included  a  self- 
contained  low-pressure  hydraulic  power  supply  for  the  fluidic 
damper  system.  This  hydraulic  unit  controlled  system  flow 
and  temperature.  A  temperature-controlled  bypass  valve  and  a 
heat  exchanger  maintained  fluid  temperature  at  approximately 
110°F.  Flow  was  controlled  by  four  valves  connected  in 
parallel  with  the  fluidic  control. 

Details  of  the  series  servo  actuator  are  provided  in  USAAVLABS 
Technical  Report  66-87.  This  servo  actuator,  operating  with 
a  1500-psi  supply,  provided  a  displacement  proportional  to  the 
low-pressure  hydraulic  signals  delivered  by  the  fluidic  con¬ 
trol.  This  servo  actuator  was  designed  to  prevent  transfer  of 
fluids  between  the  low-pressure  hydraulic  system  and  the  high- 
pressure  aircraft  system.  The  servo  actuator  authority  in  the 
directional  control  system  was  ±12.5  percent  of  the  total 
control  travel. 

INSTALLATION  AND  CHECKOUT 


The  fluidic  yaw  damper  system  was  received  at  the  Bell 
Helicopter  Company  on  17  January  1968.  Installation  of  the 
system  began  immediately. 
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Figure  L.  Damper  System  Design  Response 
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Figure  3.  Damper  System  Packaged  for  Installation 


Since  the  fluidic  yaw  damper  package  included  a  self-contained 
hydraulic  system,  the  installation  in  the  helicopter  was 
relatively  simple.  After  the  attachment  of  the  unit  to  the 
helicopter  cabin  floor  at  a  convenient  position,  electrical 
power,  control  circuitry,  and  hydraulic  lines  to  the  yaw 
damper  servo  actuator  were  installed.  See  Figure  4.  The  yaw 
damper  servo  actuator  was  located  in  the  directional  control 
system  in  the  position  shown  in  Figure  5  as  item  number  eight. 

Few  problems  were  encountered  with  the  installation  of  the 
system  in  the  helicopter.  The  most  significant  problem  was  a 
slight  interference  between  the  servo  actuator  and  the  air¬ 
frame  at  the  junction  of  one  of  the  1/4-inch  diameter  hydrau¬ 
lic  signal  lines  and  the  servo  actuator.  The  final  solution 
was  to  use  a  special  fitting  and  a  short  section  of  1/8-inch 
signal  line  in  this  area. 

After  installation  of  the  system,  air  was  removed  from  the 
low-pressure  hydraulic  system  by  bleeding  the  fittings  at  the 
actuator  and  at  the  aircraft  bulkhead  (see  Figure  4).  The 
low-pressure  hydraulic  reservoir  was  maintained  at  10  to  15 
psig  during  this  bleeding  procedure.  Since  this  is  a  closed 
hydraulic  system,  special  care  was  used  to  remove  all 
entrained  air.  This  was  accomplished  by  removing  a  sample  of 
oil  and  by  subjecting  it  to  a  partial  vacuum  to  remove  both 
entrained  and  dissolved  air.  The  sample  was  injected  back 
into  the  system,  and  the  hydraulic  pump  was  operated  for  5  to 
10  minutes  to  mix  the  fluids  thoroughly.  This  procedure  was 
repeated  three  times.  Further  attention  to  the  low-pressure 
hydraulic  system,  such  as  bleeding  or  the  addition  of  hydrau¬ 
lic  oil,  was  not  required  after  the  start  of  the  flight 
testing. 

The  trim  valve,  designed  to  provide  signals  which  null  the 
system  output,  was  used  as  an  electrical-to-f luid  interface 
for  instrumentation  calibration.  This  valve  was  wired  to 
a  switch  located  on  the  pilot's  control  panel  as  illustrated 
in  Figure  6.  Hardover  signals  were  introduced  into  the 
system  during  each  preflight  instrumentation  calibration. 

Nulling  valves  shown  in  Figure  2  were  used  in  place  of  the 
trim  valve  to  obtain  a  minimum  null  offset  at  the  original 
gain  setting.  These  valves  are  limited  in  authority  to  about 
±10  percent  of  actuator  stroke.  System  null  offset  did  change 
when  the  system  gain  was  changed.  However,  no  attempts  were 
made  to  renull  the  system  for  each  gain  setting,  since  the 
engage  transients  were  not  objectionable. 

Gain  was  increased  by  increasing  flow  to  the  fluidic  system. 
Toggle  valves,  shown  in  Figure  3,  bypass  flow  through  small 
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1.  Interconnect  Rod 

2.  Force  Gradient  Assembly 

3.  Control  Tube 

4.  Idler  Arm 

5.  Control  Tube 

6 .  Boot 
Bellcrank 

SAS  Servo  Actuator 

9.  Power  Cylinder 

10.  Bellcrank 

11.  Control  Tube 

12.  Magnetic  Brake 


7. 

8. 


Figure  5.  Directional  Control  System. 
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lines  which  are  in  parallel  with  the  system.  Honeywell  pre¬ 
shipment  test  data  were  used  to  estimate  the  gains  shown  in 
the  following  table. 


SYSTEiM  GAIN  SETTINGS  AND  VALVE  CONFIGURATIONS 


Gain  Setting 

Approximate  Gain 
deg  rotor/deg/sec 

Valve  Setting 

I 

0.15 

#1  &  #4  closed 

#2  &  #3  open 

II 

0.30 

All  closed 

III 

0.25 

#1  &  #2  open 

#3  &  #4  closed 

The  amount  of  checkout  that  could  be  considered  was  limited  by 
the  fact  that  there  was  no  method  for  introducing  rates  into 
the  damper  system  while  it  was  installed  in  the  aircraft. 
Plumbing  connections  between  the  actuator  and  the  control  were 
checked  to  determine  if  this  polarity  was  correct.  The  con¬ 
trol  system  hydraulic  power  was  turned  on,  and  the  actuator 
was  powered  with  a  hydraulic  ground  cart.  Actuator  noise  and 
engage  transients  were  observed  and  judged  to  be  satisfactory. 

Two  items  were  checked  before,  and  monitored  during,  each 
flight.  A  reservoir  pressure  gage  indirectly  indicated  the 
quantity  of  fluid  in  the  system.  A  temperature  gage  mounted 
on  the  pump  indicated  when  the  system  had  reached  its  design 
operating  temperature.  Temperatures  in  excess  of  120°F  would 
indicate  that  the  supply  of  ice  in  the  heat  exchanger  had  been 
depleted . 

TEST  CENTER  OF  GRAVITY  AND  GROSS  WEIGHT 

The  test  helicopter  was  weighed  after  the  installation  work 
was  completed.  The  helicopter  was  ballasted  to  provide  a 
lift  off  gross  weight  of  8447  pounds  and  a  c.g.  at  Station 
126.  This  weight  and  forward  c.g.  location  were  selected  to 
facilitate  comparison  of  the  test  results  with  the  data  pre¬ 
sented  in  Reference  2. 


HANGAR  AND  TIEDOWN  TESTING 


After  the  completion  of  the  installation  of  the  fluidic  damper 
system  and  the  flight  test  instrumentation,  the  system  was 
operated  in  the  hangar  with  the  helicopter  rotor  static  and 
also  during  a  tiedown  run. 

The  hangar  testing  consisted  of  1  hour  22  minutes  of  system 
operation.  During  this  time,  hydraulic  and  electrical  power 
were  provided  for  the  helicopter  by  ground  power  units.  All 
of  the  helicopter  controls  were  cycled  periodically,  and 
oscillograph  records  were  taken  to  provide  a  record  of  system 
operation.  Full  throw  "hardovers"  were  introduced  into  the 
system  by  means  of  the  console  switches.  The  system  was 
cycled  on  and  off  by  removing  and  applying  both  electrical 
and  high-pressure  hydraulic  power.  Additionally,  the  heli¬ 
copter  was  yawed  slightly  by  shaking  the  ship  manually  with 
the  tail  skid . 

The  system  operat ion  was  completely  stable  throughout  the 
hangar  test.  No  change  in  system  noise  level  or  in  system 
operation  was  recorded.  The  self-contained  low-pressure 
hydraulic  system  in  the  fluidic  package  maintained  a  sta¬ 
bilized  fluid  temperature  of  113°F  for  1  hour  of  the  1-hour 
22-minute  test.  At  the  end  of  the  test,  the  system  temper¬ 
ature  was  120°F. 

A  ground  tiedown  test  followed  the  completion  of  the  hangar 
tests  and  the  review  of  the  records.  The  helicopter  and  the 
fluidic  damper  system  were  operated  for  1  hour  29  minutes. 
Oscillograph  records  were  taken  at  intervals  to  record  system 
steady-state  performance  and  the  response  of  the  system  to 
various  test  conditions.  The  test  conditions  that  were 
checked  included  rudder  pedal  reversals,  hardovers,  rotor  rpm, 
engine  power  sweeps,  and  engagements  and  disengagements  of  the 
fluidic  system  by  all  methods. 

As  with  the  hangar  tests,  no  adverse  system  characteristics 
were  noted,  and  operation  was  as  expected. 

FLIGHT  TEST  PROCEDURES 


Flight  evaluation  of  the  damper  system  began  on  5  February, 
and  initial  tests  to  check  system  and  instrumentation  opera¬ 
tion  were  performed. 

The  same  basic  tests  were  used  for  each  flight  throughout  the 
program.  The  items  listed  on  the  flight  test  card  consisted 
of  step  inputs  into  the  directional  control  system  while  the 
helicopter  was  stabilized  in  hovering  flight  and  at  level 
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flight  speeds  of  60,  90,  and  110  knots  IAS.  Other  tests, 
defined  in  Reference  1,  were  performed  to  complete  the  data 
requirements . 

The  initial  flights  established  that  "Gain  Setting  I"  (see 
table  on  Page  10),  that  is,  the  system  response  per  unit  of 
yaw  rate  that  was  provided,  was  so  low  that  the  test  pilot 
had  difficulty  in  evaluating  the  system  operation  in  hover¬ 
ing  flight.  In  forward  flight  with  Gain  Setting  I,  the  system 
operation  was  definite,  but  higher  system  response  was  desir¬ 
able.  Accordingly,  it  was  decided  to  take  advantage  of  the 
variable  gain  provisions  in  the  package  to  establish  a  more 
optimum  gain  setting. 

Gain  Setting  II  (see  table  on  page  10)  provided  approximately 
twice  the  response  per  unit  of  yaw  rate  that  had  been  pro¬ 
grammed  by  Gain  Setting  I.  This  proved  to  be  too  high  in  both 
hovering  and  forward  flight.  In  hovering  flight,  due  to  the 
absence  of  a  pilot  control  loop  to  differentiate  between 
external  disturbances  and  pilot  inputs,  the  yaw  damper  system 
subtracted  control  from  the  pilot  inputs  to  a  degree  that  was 
excessive.  This  characteristic  made  control  of  yaw  rate 
difficult  and  recovery  from  hovering  turns  frequently  re¬ 
quired  full  opposite  control.  In  forward  flight,  the  high 
system  response  caused  objectionably  high  yaw  angular  accel¬ 
erations  during  conditions  of  moderate  atmospheric  turbulence. 

Gain  Setting  III  (see  table  on  page  10)  was  selected  as  a 
compromise  that  could  be  easily  achieved  with  the  existing 
hardware.  Operation  of  the  system  was  definite  enough  that 
the  test  pilots  had  no  difficulty  in  detecting  a  change  in 
airframe  response  under  all  flight  conditions.  The  subtrac¬ 
tion  of  pilot  control  during  hovering  flight  was  objection¬ 
able  but  was  judged  to  be  an  adequate  characteristic  for 
evaluation  of  the  conceptual  test  hardware. 

HOVERING  FLIGHT 


Figures  7  through  10  in  Appendix  I  show  the  results  of  control 
response  tests  conducted  on  the  basic  airframe  and  repeated 
with  the  fluidic  system  at  various  gain  settings.  The  degree 
of  increased  damping  provided  by  the  fluidic  system  is  indi¬ 
cated  by  the  differences  in  the  time  required  to  achieve  peak 
yaw  rates.  The  simple  "hardware  concept"  system  did  not  pro¬ 
vide  a  pilot  loop  and  was  not  optimized  for  hovering  flight. 
Even  \t  the  compromise  setting  of  "Gain  III",  the  test  pilots 
generally  felt  that  the  system's  subtracting  from  the  pilot 
control  was  objectionable.  See  Appendix  II,  pages  34,  37 f 
and  39. 


12 


Figure  15  is  a  time  history  of  the  transient  response  during 
engagement  of  the  damper  system  during  hovering  flight.  All 
transients  due  to  null  position  errors  were  insignificant 
during  this  program,  and  no  null  shifts  were  encountered. 

FORWARD  FLIGHT 

Figures  7  through  10  also  present  control  response  data  in 
forward  flight.  The  additional  damping  provided  by  the 
fluidic  system  is  again  apparent  from  the  differences  in  time 
required  to  achieve  peak  yaw  rates  and  the  differences  in 
response  per  unit  of  control  input. 

Figures  13  and  14  show  the  differences  in  yaw  damping  and 
yawing  natural  response  frequency.  The  effects  of  the  fluidic 
system  are  apparent. 

MANEUVERING  FLIGHT 

The  operation  of  the  system  during  pedal-fixed  rolling  maneu¬ 
vers  was  recorded.  The  UH-1G,  Isrowever,  has  generally  good 
flight  characteristics  during  this  type  of  maneuver  without 
the  benefit  of  yaw  stabilization.  For  this  reason,  the 
differences  in  flight  characteristics  with  the  damper  on  were 
within  flight  test  measurement  accuracy  and  did  not  contribute 
significantly  to  this  evaluation. 

LEVEL  FLIGHT  DIRECTIONAL  DAMPING  (TURBULENT  AIR) 

Figures  11  and  12  are  time  histories  of  level  flight  in  tur¬ 
bulent  air  at  indicated  airspeeds  of  110  knots  with  the 
fluidic  system  on  and  off.  The  reduction  in  yaw  rate  excur¬ 
sions  is  indicative  of  additional  stabilization  provided  by 
the  system. 

AUTOROTATIONAL  ENTRIES 

During  autorotat ional  entries  (see  Figure  17)  the  fluidic 
system  reacted  in  the  proper  direction  to  oppose  the  yaw  rate 
resulting  from  the  rapid  reduction  in  main  rotor  torque.  The 
system  reduced,  to  a  degree,  the  amount  of  pedal  control  re¬ 
quired  to  maintain  heading  during  the  maneuver.  The  reaction 
of  the  system  was  typical  of  the  characteristics  defined  by 
the  control  response  tests. 

QUALITATIVE  EVALUATION 

The  pilot  reports  generated  during  this  program  by  four 
different  pilots  are  included  in  Appendix  II  of  this  report. 
Their  comments  are  brief  because  the  system  performed  in  the 
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manner  intended.  There  were  no  in-flight  failures  such  as 
hardovers  or  equipment  malfunctions.  The  absence  of  a  pilot 
control  loop  precludes  a  direct  comparison  with  present-day 
electi  ohydraulic  damper  systems.  The  test  hardware  did  not 
demonstrate  any  inherent  characteristics  that  might  limit  the 
application  of  fluidic  stabilization  systems  in  the  helicopter 
environment . 

VIBRATION 


Sufficient  vibration  data  were  analyzed  (see  Figure  18)  to 
establish  that  the  vibration  environment  was  typical  of  UH-1C 
helicopters.  During  the  test  program,  the  fluidic  system 
shewed  no  response  to  these  vibration  levels. 
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CONCLUSIONS 


As  a  result  of  the  test  program  described  in  this  report,  the 
following  conclusions  have  been  reached: 

1.  Installation  of  the  pa_^age ,  a  feasibility  version 
representative  of  fluidic  technology,  was  relatively 
simple  due  to  the  minimum  interfaces  between  tne 
package  and  the  aircraft  systems.  Evaluation  of  the 
compatibility  of  a  fluidic  stabilization  system  and 
helicopter  hydraulic  systems  was  beyond  the  scope  of 
this  program. 

2.  The  package  provided  by  Honeywell,  Inc.,  functioned 
in  general  according  to  the  performance  requirements 
which  had  been  previously  defined  by  USAAVLABS 
Report  66-87  and  by  the  direct  contact  between 
Honeywell,  Inc.,  and  BHC. 

3.  System  noise  level  (i.e.,  random  motion)  was  well 
within  tolerable  levels  and  was  not  discernible  in 
flight . 

4.  The  system,  as  packaged,  required  a  heat  exchanger 
to  control  fluid  temperature  within  the  desired 
tolerances .  While  temperature  control  in  this  manner 
is  a  minimal  problem  for  test  hardware,  an  integrated 
system  would  have  to  be  capable  of  providing  good 
performance  at  any  fluidic  temperature  that  would  be 
encountered  under  normal  operating  conditions. 

5.  The  ground  adjustable  gain  provisions  in  the  test 
hardware  facilitated  the  conduct  of  the  evaluation 
by  allowing  "compromise"  gain  settings. 

6.  The  system  maintained  good  null  balance  throughout 
the  flight  program  without  readjustment.  Engagement 
and  disengagement  transients  were  well  within  accept¬ 
able  limits. 

7.  The  absence  of  a  pilot  loop  caused  the  damper 

system  to  decrease  the  helicopter  yaw  response  follow¬ 
ing  small-amplitude  step  displacement  of  the  direc¬ 
tional  pedals. 

8.  A  significant  increase  in  yaw  damping  was  provided  by 
the  system. 

9.  The  system  was  effective  in  improving  lateral- 
directional  damping  and  in  reducing  pilot  workload  in 
forward  flight  under  conditions  of  moderate  turbulence. 
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10.  The  maneuvering  flight  characteristics  (i.e.  adverse 
yaw  during  rolling  maneuvers)  of  the  basic  helicopter 
were  not  measurably  changed  by  the  fluidic  yaw  damper. 
The  basic  UH-1C  adverse  yaw  haracteristics  are  good; 
therefore,  little  improvement  could  be  expected. 

11.  The  system  responded  properly  during  autorotational 
entries  to  assist  the  pilot  with  yaw  control  of  the 
helicopter  heading  within  the  limits  of  the  authority 
of  the  damper  servo. 

12.  No  malfunctions  were  experienced  during  the  8.5-hour 
flight  program. 

13.  Pilot  acceptance  of  the  system  was  good,  based  on  the 
consideration  that  it  was  a  simple  rate  damper  without 
pilot  loops,  quickening,  and  other  sophisticated 
features  of  current  electronic  SCAS  systems.  If  a 
fluidic  system  were  to  be  incorporated  into  a  produc¬ 
tion  helicopter  design,  the  additional  features  would 
have  to  be  present  to  obtain  pilot  ratings  equivalent 
to  those  provided  by  current  electronic  SCAS. 

14.  The  vibration  environment  of  the  fluidic  system  during 
the  tests  was  typical  of  UH-1C  helicopters.  No 
detectable  system  response  to  the  vibration  environ¬ 
ment  was  encountered. 

15.  None  of  the  test  results  revealed  any  factors  that 
might  limit  the  application  of  fluidic  systems  in  a 
helicopter  environment.  The  performance  and  reli¬ 
ability  of  the  "feasibility"  package  were  much  better 
than  expected  and  helped  to  create  a  favorable  overall 
impression  of  the  concept. 

16.  Use  of  the  electrical  trim  valve  for  instrumentation 
calibration  demonstrated  the  capability  of  this  system 
to  interface  with  an  electronic  outer  loop  control. 


16 


REFERENCES 


1.  Ward,  Hugh,  Flight  Test  Plan  for  the  Honeywell,  Inc. 
Fluidic  Yaw  Damper,  Bell  Helicopter  Company  Report 
No .  205-947 -074 ,  November  18,  1967. 

2.  Schroers,  Laurel  G.,  et  al.,  Engineering  Flight  Test  of 
the  UH-1B  Helicopter  Equipped  with  the  Model  540  RotorV 
USATECOM  Report  No.  4-4-01O8-O3,  USAAVNTA  Project  No. 

64-28,  U.  S.  Army  Aviation  Test  Activity,  Edwards  Air 
Force  Base,  California,  December  1966. 

3.  Stoker,  James  R.  ,  Detail  Specification  for  UH-1B  Utility 
Helicopter,  Bell  Helicopter  Company  Report  No.  204-947 -125 , 
May  20,  1963. 

4.  Burton,  R.  V.,  et  al . ,  Fluid  State  Hydraulic  Damper, 

U.  S.  Army  AVLABS  Report  66-87,  February  1967. 


17 


imv 


l?^:iiMfliamiraHBKS9nilHKII8 

MiaiaBscraisBSHi!a»HfflHnfflH«BHHig 

IBHIttiraHBHlMIIISBniHillBlfiHHHMnH 


inianiH 


Miffiraraiaraiisssifd 


[*HHniSEfiJllElRS3yiBSISi5}I5iMS®Ei8i® 


PLT  NO.  22L  A-B 
CONFIGURATION: 


FLUIDIC  TAW  DAMPS  OK 

AT  GAIN  SETTING:  1 

ESOW  8447  LB 

ESCG  126.4  IN 

ROTOR  SPEED  324  RIM  (N/R) 


Figure  8.  Directional  Control  Response  With 
Fluidic  Damper  On. 
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Figure  9.  Directional  Control  Response 
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Figure  11.  Time  History  of  110  Knots  Level 
Flight  With  Fluidic  Damper  On. 
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Figure  12.  Time  History  of  110  Knots  Level 
Flight  With  Fluidic  Damper  Off. 


NOTE:  MEASURED  DURING  TESTS  TO 

DETERMINE  RESPONSE  TO  STEP  INRITS 


Figure  13.  Directional  Damping  - 
Gain  Setting  I. 
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SHADES  POINTS  DENOTE  FLUIDIC 
SAS  "OFF" 


DAMPED  NATURAL  FREQUENCY 
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NOTE:  MEASURED  DIKING  TESTS  TO 
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Figure  14.  Directional  Damping 
Gain  Setting  III. 
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Figure  15.  Time  History  of  Hover  From  2.0  Seconds 
Before  Engagement  of  Fluidic  Yaw  Damper, 
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Figure  17.  Time  History  of  Throttle  Chop  at  110 
Knots  IAS  From  2.0  Seconds  Before 
Engine  Power  Reduction  -  Fluidic  Yaw 
Damper  On. 
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APPENDIX  II 
PILOT  REPORTS 


rrammmmQn^ 

PILOT  REPORT 

HSBH 

mmmm 

MCLICOrrtA  MUMBtt  ] 

1226  (64-14102)  j 

^LAC* 

Arlington 

CHI 

FLM3HT  MO. 

43  2-3-68 

•CAtNcn 

2  SO  9 

VINO 

S  6-12  K 

|M0«  A«*0Nf  NO. 

Tint  lANOINO  ; donation 

!  1.3 

TS55»t».  o. 


TOTAL  TLtCMT  Tim  TO  DAT. 


TOTAL.  m,m™«TO  OATI 


CHANS. t  IINC.  LAST  TLMNT 


1. 

2. 

3. 

4. 

5. 


7. 

8. 

9. 


10. 

11. 


Dally  lnspaetlon  completed. 

Removed  all  ballaat. 

Fluidic  control  ayatea  Installed. 

Tall  rotor  slip  ring  installed. 

Removed  rate  switching  gyro  S/M  AF63-4400  (use  on  AH- 10  20004) 
Installed  instrumentation  for  fluidic  control  systea  per 
Engr.  Requests  (fluidic  yaw  damper  system). 

Removed  whip  antenna  and  mount  and  stowed  wiring. 

Removed  XM-30  wiring  baggage  coapartment. 

Installed  the  following  in  C/P  panel:  A/S  indicator,  S/M  2171, 
R/C  lnd.  VS57421,  Altl.  S/N  31208  and  leak  checked  systea 
after  installation.  .  0  _ 

Tall  rotor  rigging  as  follows:  full  left  pedal  20-3/8  ,  full 
right  ■  6-L/8®and  neutral  pedal  6-1/2  . 

Installed  tiedown  link. 


The  purpose  of  this  run  was  to  operate  the  fluidic  yaw  damper 
for  an  extended  period  of  time.  Records  were  taken  of  rudder 
inputs,  engagements,  disengagements  and  hardovers  during  the 
ground  run.  Operation  was  satisfactory  on  the  ground. 
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pilot  report 


nvnvriK^i 

6N0UN0  NUN  NO. 
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Fluidic  Yaw  Damper  Evaluation 


t  MG.  AC  FOMT  MO. 

TimC  TAKK  OF  F 

TIMC  LAMOiMO  ]  DUAAT  lOM 

i  o.i 

B39hhe&£13 

MEZM 

TOTAL  FLIC  hT  TIMC  TO  OATS 

372.7 

CHAMOIS  ftlMCC  WAIT  FLIGHT 

A:  1,  Removed  tiedown  link  assembly. 


The  purpose  of  thia  flight  waa  to  obtain  in-flight  data  on  the 
fluidic  yaw  damper.  Recorda  were  taken  in  hover  of  engagements, 
disengagements,  rudder  atep  lnputa  and  power  changca.  There  waa 
no  apparent  instability;  in  fact  it  waa  difficult  to  tell  that  it 
was  working  in  hover.  The  eir  waa  quite  gusty. 
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PILOT  REPORT 
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Arlington  1 

Ifk'MHiII 
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r  Evaluation 


Pud 


CMMU  (MCI  KIT  ILMMT 

1.  Daily  inapaction  coup  la  tad. 

2.  Znatallad  aadical  attandant'a  aaat. 

3.  Inatallad  rata  gyro  package, 
k.  thighed  ship. 

3.  Inatallad  rata  switching  froa  Ship  #1092. 

6.  Saa  carry  over. 

7.  Ballaatad  aa  follow* i  200#  at  Sta.  7.0  ,  600#  at  Sta.  66.0. 
It  1.  Pualad  to  1500#. 


Thia  flight  was  aada  in  connaction  with  tha  fluidic  yaw  danper  sya- 
taa  evaluation,  and  was  for  tha  purpoaa  of  inatruawntation  chock 
out. 
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PILOT  REPORT 
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&  ■ 

mel»;omten  humoea 

1226  (64-14102) 

7 - 

Quinlan 

^LACE 

Arllni 

[ton 

CM* 

FLIGHT  MO. 

221  2-6-68 

Vf ATMfi* 

CAVU 

»RuluiiI  ALT. 
160* 

VINO 

NW  5-10  K 

yj,  ,  -  ---  -  '  ■  -  ■  -  ' 

jit'-.  Mt'&ftt  MO. 

t me  la moi mo  ;duhatiom 

!  A:.6-B:.6-Ct.7 

HKl 

mem 

TOTAL  FLIGHT  TIME  TO  OATt  TOTAL  ENGINE  TIME  TO  OATS 

374#9 

CNANGtl  UNCI  LA|T  9  LIGHT 

1.  Dally  inapection  completed. 

Flight!  A  and  B:  Theae  flights  wr»  made  for  th«  purpoit  of 
evaluating  tht  fluidic  yaw  damper  ijra'.ta. 

The  flrat  configuration  waa  evaluated  In  hover  and  at  three 
forward  apeeda.  Quantitative  data  were  recorded  during  pedal 
atep  input!  at  three  amplltudea  and  in  releaae  from  ateady  atata 
aide  flip  condition!. 

Qualitatively,  the  syatem  waa  found  to  function  eaaentlally  as 
waa  intended,  however,  the  gain  of  the  system  was  obviously  too 
low. 

Flight  C:  Prior  to  Flight  C,  the  gsln  of  the  system  wss  doubled. 
This  configuration  was  then  evaluated  in  the  same  manner  and  the 
same  data  points  recorded  as  in  the  previous  configuration. 

Qualitatively,  the  gain  was  too  high  in  this  configuration,  in 
that  the  system  was  too  tight  in  rough  air,  producing  lateral 
accelerations  which  were  uncomfortable. 
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PILOT  REPORT 
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1226  (64-14102) 

BS9S9HH 

»L»Ct 

Arlington 

CMC* 

QJRQZQMm 

GROUND  HUM  MO. 

HlEH 

•  INO 

15-20  K  N 

T_F_I - 

Fluidic  Yaw  Damper  Evaluation 


CMS.  N( -O—T  HO. 

A:1.0-B:0.3 

iHSMiiBSlO 

H  HH 

TOTAL  FLICMT  TlM|  TODATI 

376.2 

TOTAL  CMOIMC  TIMC  TODATI 

CMANGIt  tlMCI  LAST  FLICNT 


A:  1.  Daily  inspection  completed. 


The  purpose  of  Flights  A  and  B  was  to  obtain  dynamic  directional 
stability  data  using  the  Honeywell  Fluidic  Yaw  Damper  System. 
Qualitatively,  the  system  functioned  as  designed  in  this 
configuration;  however,  in  this  writer's  opinion,  the  system 
was  too  loose  (low  gain)  during  hover,  and  too  tight  (high  gain) 
in  forward  flight,  causing  Jerky  movements  in  turbulent  air. 
Dmnplng  after  a  lO  to  15  yaw  input  was  good,  as  the  system 
damped  yaw  oscillations  after  1  or  2  cycles.  However,  you  can 
feel  the  system  feeding  back  through  the  anti-torque  pedals. 

Data  is  on  file  in  Flight  Test. 


86 :RGK:bt- 10762 


•v  3-5-08  0*T1 

R.  KJellander 

PILOT  REPORT 

MOOt  L  P»C* 
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HlLICOPTIA  NUMBER 

1226  (64-14152) 

►hoi  ■  t 

KJellander 

^L*C<  j 

Arlington 

CRCV 

FLIGHT  NO. 

223  2-0-68 

GROUNO  RUN  NO. 

CAVU  200' 

0.  A.  T. 

♦1 

VINO 

N  5  K 

Fluidic  Yaw  Damper  Evaluation 


£  NO  ■  REPORT  MO. 

TlMt  T  A  K  l  OFF 

TiMt  LANOIWO  ^DURATION 

!  A: . 2-B:.4 

C.O.  F  ROW  ft  T  A  O. 

Fwd  126.4 

° '  8447  L„. 

TOTAL  FLIGHT  T<M(  TO  CATC 

376.8 

TOTAL  tNGlNI  TiMC  TO  0  A  T  C 

C hang  f t  tiNC c  i*r  ruonr 


l.  Daily  inapection  completed. 


The  purpoae  of  thia  flight  waa  to  obtain  data  on  the  fluidic  yaw 
damper  aa  ina tailed  in  thia  aircraft.  Data  waa  taken  at  a  hover 
while  making  atep  input •  and  pedal  reveraala. 

Data  ia  on  file  in  Flight  Teat. 
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PILOT  REPORT 
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Fluidic  Yaw  Damper  Evaluation 

f  NC  .  ItC’ONT  40. 

tlM|  TM|  OM  ]  TIMf  IANOIMO  jOUftATlON 

!  A:.9-B:.6, 

C  HA  46(1  OimCI  LA»f  »L«HT 

1.  Daily  inspection  completed. 

Bi  1,  Fueled  to  1500*  indicated. 

Cl  1.  Fueled  to  1500#  indicated. 

Thi a  flight  was  made  for  the  purpose  of  continuing  the  evaluation 
of  the  fluidic  yaw  damper  system. 

Data  were  recorded  in  the  same  maneuvers  is  on  previous  flights. 

Qualitatively,  the  system  appeared  to  function  essentially  as 
ntendcd. 
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Fluidic  Yaw  Damper  Evaluation 


devour  no. 

TINE  TAKE  Of  F 

! Fit.  225:. 9;  Fit. 226:. 9 

o.». 

III. 

TOTAL  FLIGHT  TIME  TO  0  A  T  C 

41.3 

TOTAL  ENGINE  TIME  TO  OAT  C 

1 

—  4 

CHANCtS  SINCE  flight 


Flight  225:  A:  1.  Installed  new  flight  idle  detent  atop. 
T.  Daily  inspection  completed. 

1:  l.  Fueled  to  1500#. 

Flight  226:  1.  Daily  inspection  completed. 


Flights  225A  and  226A: 

The  purpose  of  these  flights  waa  to  quantitatively  evaluate  the 
directional  response  of  the  aircraft  with  the  M/H  Fluidic  Damper 
installed.  Since  this  system  ia  a  parallel  system,  it  doea  take 
control  away  from  the  pilot  which  is  undesirable.  The  system 
appeared  to  function  well;  however,  no  firm  opinion  can  be  made 
on  gain,  settings,  etc.,  since  a  mission  using  the  damper  has  not 
been  described. 


86 :GLC:bt- 10805 


37 


2-26-KB  nrr 
L.  Rohrbough 


rTirt 


Rohrbough 


PILOT  REPORT 


ism 


UH-1C 


Mi 

1 


mucontir  mum.cr 
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227  2-1S-68 
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enou.o  Run  as. 


TOOT - 

Fluidic  T»w  Dinptr  Evaluation 


TOi - 

M  10  K 


dad.  RCRORT  HO. 


Vr«It«r(M.  1 1 me  lamoTm 


OUAI.TION 


irariirr 

124.6 


0.8 


TOTAL  AL>4»T  TIM*  TO  DAT l" 

380.4 


TOTAL  INRINC  TIM  TOOATI 


CA. 

FWd 


8447 


C NAURU  TINCI  LAST  TLMNT 

At  1.  Daily  inspection  completed. 


The  purpose  of  this  flight  wss  to  demonstrate  the  Fluidic  Taw 
Damper  to  Mr.  George  Fosdlck  of  Av-Laba. 

The  realms  of  flight  ahovn  were  steady  state  cruise  with 
displacements  and  return  to  trim  with  the  system  on  and  off. 
Power  changes  from  cruise  to  climb  and  to  low  power  were  also 
shown.  Hovering  inputs  and  crosswind  hovering  were  demonstrated. 

Mr.  Fosdlck  appeared  to  be  Impressed  with  the  system  in  general 
and  satisfied  with  the  function  of  the  Fluidic  Yaw  Damper  System 
J9  Installed  in  this  helicopter. 
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cat* 
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Fluidic  Yaw  Damper  Evaluation 

KM.  AKOOmT  MO. 

TMI  TAKI  OFF 

T  MIC  LAMOIMO 

duaatica 

0.7 

mo««T*.o. 

Fwd  126.4 

•  *. 

8447  los. 

TOTAL  fUONT  T  >880  T  0  OATS  TOTAL  IHSIM  T  Ml  TO  OATS 

381.1 

CMAM6CI  SIMCK  CAST  FOCMT 

At  1.  Daily  inspection  completed. 

This  flight  v*i  Bade  to  evaluate  and  taka  data  on  the  yaw  dampen¬ 
ing.  Varloua  pedal  atep  lnputa  were  put  in  at  hover,  60  Knots, 

90  Knota  and  110  Knota. 

The  dampener  greatly  lncreaaea  yaw  atabllity  and  la  a  great 
'  r  «intaining  an  exact  heading  auch  aa  would  be  dealred  on  a 
g.  .  ‘  r.g  run.  However,  the  present  system  has  no  pilot  control 

le :r»e  ship  la  very  unresponsive  In  yaw.  In  a  hover,  the  alow 
rev^onse  to  pedal  is  particularly  noticeable  and  greatly  limits 
the  pilot's  authority  over  the  airci  »ft. 
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